The Pika, Arctomys and Waterfowl formations comprise two "grand cycles" as originally defined by Aitken (1966 Aitken ( , 1978Aitken ( , 1981. A detailed across-strike facies stratigraphic reconstruction based on measured outcrop sections and subsurface data reveal that the Pika and Waterfowl Formations consist of five transgressive-regressive sequences of subtidal facies and tidal flat facies each up to 100 m thick and some 10 5 to 10 6 years duration. The bulk of the Arctomys Formation consists of terrestrial to marginal marine playa deposits, correlates with an unconformity in the adjacent subsurface, and was deposited during a sea level low stand. The upper third of the Arctomys Formation records a single minor marine transgressive-regressive cycle. Transgressive facies can extend eastward onto the craton up to 1000 km from the platform to slope transition and record local relative increases in sea level of various magnitudes. Maximum transgressive or regressive phases do not necessarily correspond with the bottoms or tops of grand cycles. A sea level curve derived from our facies stratigraphy is different than the curve proposed by Bond et al. (1989) from R2 analysis, and also different to the sealevel curve of Montanez and Osleger (1993) for the southern Great Basin.
INTRODUCTION
The sedimentary record of shallow-marine deposits is the result of the interplay of subsidence, eustatic sea level changes, and sedimentation. Subsidence includes a tectonic component, an isostatic component, and a compaction component. Eustatic sea level changes may involve complex superimposed signals of different amplitude and frequency, particularly during glacial periods as exemplified by the Plio-Pleistocene eustatic record. Sedimentation factors are internal to the depositing system and include previous depositional topography, sediment input, intrabasinal sediment production and sediment distribution pathways. One approach toward separating the effects of subsidence, eustasy, and sedimentation comprises the seismic stratigraphic principles introduced by Exxon Production Research (Vail et al., 1977; Vail et al., 1984; Haq et al., 1987) . Bally (1988) provides documentation from seismic lines of many examples of the internal geometry and facies within unconformity-bounded "third-order" (approximately 10 6 year duration) depositional sequences that are the fundamental stratigraphic units of seismic stratigraphy.
Unfortunately, in outcrop, the characteristic truncations of seismic reflectors due to subaerial erosion, onlap, offlap, and toplap that allow identification and interpretation of third-order sequences in seismic lines are not easily observed. Instead, vertical measured stratigraphic sections are divided into facies and constituent subfacies based on sedimentary textures, sedimentary structures, fossils and the like (Hardie and Shinn, 1986; Demicco and Hardie, 1994) . Haq et al. (1987) coined the term "sequence stratigraphy", directly applying the terminology and interpretations of seismic stratigraphy to the facies and subfacies of outcrop measured sections. Their contention was that identification of "sequence boundaries" and the "maximum flooding surface" between two sequence boundaries allowed outcrop sections to be divided into genetic "systems tracts" from which interpretations of sea level history could be obtained. These system tracts were taken to be direct analogs of the onlapping and offlapping packages of seismic reflectors characteristic of sequences in the subsurface. Since the work of Haq et al. (1987) the literature on sequence stratigraphy has grown rapidly (c.f. Posamentier and others, 1993; Emery and Myers, 1996; Kerans and Tinker, 1997 ; among many others).
One classic North American locality where third-order sequence-scale alternations of subtidal and peritidal facies are exposed in three dimensions at a scale comparable to seismic sections is the Cambrian section of the southern Canadian Rocky Mountains (Aitken, 1966; 1978; 1981) . Here, Cambrian and younger rocks are exposed on a number of parallel, eastward-verging thrust sheets. The stratigraphy of Middle to Upper Cambrian deposits of the Western Ranges, Eastern Ranges, Foothills and adjacent plains is shown on Figure 1 . The Middle and Upper Cambrian carbonate rocks of the Eastern Ranges and Foothills are alternations of shales and carbonates that are hundreds of metres thick and span 1-2 trilobite zones. Equivalent formations of the Western Ranges are dominantly shales with minor carbonates, and represent off-platform deposits (Aitken, 1966 (Aitken, , 1971 1978; McIlreath, 1971; Bond and Kominz, 1984; Stewart, 1991) . The stratigraphy of the Cambrian rocks of the Eastern Ranges and foothills as originally envisioned by Aitken (1966 Aitken ( , 1978 Aitken ( , 1981 consisted of formations dominantly comprising subtidal shales (Mount Whyte, Stephen, Lower Pika, Arctomys Sullivan and Bison Creek formations) alternating with formations dominantly comprised of peritidal carbonates (Cathedral, Eldon, Upper Pika, Waterfowl, Lyell and Mistaya formations) that he referred to as "grand cycles" (Fig. 1) . The direct comparability of grand cycles as envisioned by Aitken, and sequences as described by Vail and his co-workers, is made stronger by two factors. First, the tops of grand cycles are apparently correlative throughout the Cordillera (Palmer, 1981) ; and second, grand cycles are interpreted to be due to eustatic rises and falls of sea level superimposed over a thermally-subsiding passive margin. Bond et al. (1989) employed a quantitative stratigraphic approach to interpreting Canadian Rocky Mountain grand cycles but came up with substantially the same picture of their significance (Fig. 2) . Their "R2" analysis entails comparison of a subsidence-history curve derived from detailed backstripping of vertical measured sections with a "best fit" uniform exponentially decreasing subsidence curve predicted by thermal decay models. Discrepancies between the two curves were interpreted as third-order eustatic events based on their apparent correlation across North America.
We have taken a fundamentally different tack in our studies of two Cambrian grand cycles in the southern Canadian Rocky Mountains: the Pika Formation grand cycle and the Arctomys-Waterfowl formations grand cycle (Fig. 1) . These three formations represent approximately 6 million years of deposition (Bond et al., 1989 ) and the Arctomys FormationWaterfowl Formation grand cycle is particularly significant, because Bond et al. (1989) use the Arctomys Formation as their datum in North-America-wide correlation of third-order sea level oscillations derived from R2 analysis. However, the Arctomys-Waterfowl grand cycle is "aberrant" (Aitken, 1978; 1981) because unlike the monotonous, fossiliferous, turbiditebearing, deep water shales that comprise the base of "traditional" Cambrian grand cycles, the Arctomys Formation is noted for its mudcracks, salt casts, lack of fossils, and restricted easterly extent. Indeed, most of the Arctomys Formation represents non-marine playa lake and mudflat deposits (Spencer and Demicco, 1993) .
We use detailed measured sections across the disturbed belt to document the facies stratigraphy (Hardie and Shinn, 1986; Demicco and Hardie, 1994 ) of these two grand cycles. We then interpret the facies in terms of sequence stratigraphy, to reconstruct a sea level history for these formations based on standard sequence interpretations and backstepping relationships of deeper water facies based on the measured sections. Our detailed facies studies suggest that the traditional rock mineralogy boundaries used to identify grand cycles do not directly reflect relative sea level oscillations over this ancient passive margin. Furthermore, the sea level curve we derive for this portion of the Cambrian section is at odds with the curve derived by Bond et al. (1989) , and also differs somewhat from the sea level curve of Montanez and Osleger (1993) for the southern Great Basin.
The purpose of this paper is threefold: 1) to document the facies stratigraphy of the Pika and Arctomys-Waterfowl grand cycles; 2) to compare our sequence stratigraphy-based interpretations of grand cycles with those of Aitken (1966 Aitken ( , 1978 1981) ; and 3) to compare the sea level curve derived from our analysis with the sea level curves of Bond et al. (1989) and Montanez and Osleger (1993) .
FACIES OF THE PIKA AND ARCTOMYS-WATERFOWL GRAND CYCLES
Figures 3, 4 and 5 are measured sections of the facies that comprise the Pika, Arctomys and Waterfowl formations, respectively. Locations of the measured sections are given on Figure 6 . Table 1 gives sedimentologic details of the facies and subfacies that comprise the sections. Further sedimentologic details of the sections, facies and subfacies are given in Waters (1986) , Waters et al. (1989) , Cloyd et al. (1990) , Mason (1990) , Demicco et al. (1991) , Spencer and Demicco (1993) , and Moore (1994) . Figure 7 is a simplified cross-strike section of the Pika, Arctomys, and Waterfowl formations based on details described in the references above that shows correlations of sedimentary facies across the restored depositional strike of the platform and our sequence stratigraphic interpretation (line of section given in Fig. 6 ). The cross-section extends from the platform-to-basin transition on the west, eastward across the mountain belt and into the subsurface. Aitken (1968) presents subsurface data from this stratigraphic interval.
The Arctomys and Waterfowl formations are present in the Shell Burnt Timber G-26 well, 10 km east of the mountain front. They are 20 m and 34 m thick, respectively (Aitken, 1968) . However, in the California Standard East Gilby 4-5 well, 125 km to the east, shales and mudstones of the Sullivan Formation unconformably overlie approximately 90 m of Pika Formation. Drill hole data show rocks correlative with the Pika Formation extend approximately 500 km eastward beyond the mountain front into the subsurface of Saskatchewan (Fig. 8) . In marked contrast, the Arctomys Formation and the Waterfowl Formation extend only a few tens of kilometres east of the McConnell Thrust under the Foothills and adjacent plains (Figs. 2, 4) . Shales of the Sullivan Formation, the base of the grand cycle overlying the Waterfowl Formation, extend 700 km further eastward into the craton (Aitken, 1968; Pugh, 1971; Van Hees, 1964) .
INTERPRETATION OF CAMBRIAN SEA LEVEL HISTORY FOR THE SOUTHERN CANADIAN ROCKY MOUNTAIN AREA
We divide Pika, Arctomys and Waterfowl formations into 5 1 /2 sequences (lettered CR-1 through CR-6 on Fig. 7) , each with a duration of 10 5 to 10 6 years (third-order sequences). Our interpreted positions of sequence boundaries and maximum flooding surfaces are given on Figures 3 to 5. Sequence boundaries are mostly of type 2, and the exact stratigraphic position of sequence boundaries that pass into the Arctomys Formation are problematic. The relative magnitude of the sea level changes represented by the sequences is determined by assessing the eastward extent of the maximum flooding surface and its encasing wedge of subtidal facies. This is similar to the extent of "coastal onlap" measured in seismic stratigraphy. Subtidal facies of sequences CR-2, CR-3, CR-4 and CR-5 variably extend a few tens of kilometres onto the platform. However, if our correlations are correct, the shales that mark the maximum flooding surface in subtidal facies of sequences CR-1 and CR-6 extend hundreds of kilometres to the east. Indeed, the transgressive carbonate subtidal facies of sequence CR-6 is gradational in all exposed sections upward into the deep-water shales of the Sullivan Formation that encase the maximum flooding surface of sequence CR-6.
In some places, peritidal cycle thicknesses are related to position in the sequence. For example, in sequence CR-5 in the Waterfowl Formation the initial transgressive peritidal cycles (overlying the sequence boundary in the underlying playa deposits of the Arctomys Formation) are thin and thicken upwards (Fig. 5) . However, in the regressive systems tract of sequence CR-5, there are no systematic cycle thickness changes and the thinnest peritidal cycles simply denote the sequence boundary between sequence CR-5 and CR-6. The peritidal facies at the base of sequence CR-1 in the Pika Formation merge with other tidal flat facies near the mountain front (Fig. 4) . This implies either that there is an unrecognized sequence boundary in the subtidal deposits of the Pika Formation in section 8 or that the sequence boundary is in the underlying Eldon Formation.
The bulk of the Arctomys Formation is interpreted as a terrestrial playa based on its lack of fossils and details of its desiccating-upward cycles (Table 1 ; Spencer and Demicco, 1993) . Much of the time represented by the Arctomys Formation is recorded in soils at the top of individual cycles (Spencer and Demicco, 1993) . We follow Aitken (1981, p. 10) in interpreting the Arctomys Formation to represent a low stand of sea level where sea level was just at or below the platform and terrestrial deposition obtained.
DISCUSSION
Our interpretation of the significance of grand cycles is somewhat different from the original interpretation presented by Aitken (1966 Aitken ( , 1978 Aitken ( , 1981 . Furthermore, our interpretation of sea level history for the Pika Formation and ArctomysWaterfowl formations grand cycles is at odds with the sea level history presented by Bond et al. (1989; and our Fig. 2, Fig. 9 , column A). Figure 6 . Interpreted location of sequence boundaries (SB) and maximum flooding surfaces (MFS) are indicated, as are interpreted third-order sea level cycles numbered CR-1 to CR-3. Rock type symbols are given in the legend, and details of rock types are given in Table 1 .
The R2 analysis of the Cambrian section in this area by Bond et al. (1989) indicates that the greatest increase in "accommodation potential" (sea level change + subsidence) occurred during deposition of the Arctomys Formation (Bond et al., 1989; their Fig 9, p. 51) . Therefore, in their "best fit" sea level curve, they have lowest sea level at the boundary between the Pika and Arctomys formations, with significant sea level rise throughout the Arctomys Formation, culminating in maximum water depth at the contact between the Arctomys and Waterfowl formations. It is not clear from their facies descriptions (Bond et al., 1989, their Table 2 , p. 48) what initial water depths were used to compute Arctomys Formation accommodation potential insofar as they did not identify the Arctomys Formation as a mudcracked, cyclic shale-carbonate facies. However, it is apparent from their results that the decompaction of mudstones must be an important factor in their model because all of their "accommodation events" coincide with fine-grained rocks. Pure carbonate formations are not significantly decompacted in their R2 analysis and coincide with reduced accommodation potential. Bond (1990) and Bond and Kominz (1991) correctly point out that the sedimentary facies are unreliable in gauging "accommodation potential" at any location because, if sedimentation rates are high enough, sedimentation can keep up with any "accommodation event". Figure 6 . Interpreted location of sequence boundaries (SB) and maximum flooding surfaces (MFS) are indicated as are interpreted third-order sea level cycles numbered CR-3 (top portion) and CR-4. Rock type symbols are given in the legend, and details of rock types are given in Table 1 . Table 1 .
However, it is exactly these local sedimentation effects that large, cross-strike sections of facies reconstructions are designed to identify and avoid. Any large-scale sea level rise over a stable platform must result in depositional backstepping onto the craton even though the facies deposited may not be easily predictable. This is exactly the case for the Pika Formation. Tidal flat cycles and undifferentiated tidal flat deposits extend to the western margin of the platform at the top of the Eldon Formation or base of the Pika Formation. A relative sea level rise resulted in deposition of subtidal sediments across the entire width of the platformtransgressive subtidal systems tract of sequence CR-1 in Figures 3 and 7 . Similar depositional backstepping occurs for each subtidal core of sequences CR-1 through CR-6 in Figure 7 . We interpret the variable widths of the subtidal facies wedges as the result of variable magnitudes of relative sea level rises. Sea level rise during deposition of the Pika Formation and the Sullivan Formation resulted in deposition many hundreds of kilometres back from the platform edge. Subtidal facies in sequences CR-3 (upper Pika Formation), CR-4 (upper Arctomys Formation) and CR-5 (middle Waterfowl Formation) extend only a few tens of kilometres onto the platform indicating lesser relative sea level rises. Bond (1990) and Bond and Kominz (1991) suggested that the Arctomys Formation at one time extended hundreds of kilometres onto the craton, but that its present thinning and restricted easterly extent are the result of erosion associated with an unconformity at the top of the Waterfowl Formation. However, the Arctomys Formation thickness decreases tenfold (from 170 m at section 5 to 17 m at section 9) beneath the Waterfowl Formation and is clearly not removed by an unconformity at the top of the Waterfowl Formation. Indeed, measured sections of the facies changes across the Arctomys-Waterfowl Formation contact show that these facies preserve transitional sedimentary environments. The thinning of the Arctomys Formation is clearly depositional and not the result of erosion at the end of deposition of the Waterfowl Formation. In his original grand cycle interpretation of the Cambrian formations of the Canadian Rockies, Aitken (1966 Aitken ( , 1978 Aitken ( , 1981 places an unconformity at the top of each carbonate formation. Moreover, the sea level curve of Bond et al. (1989) indictaes minimum water depths at the top of both the Pika and Waterfowl formations. Our measured sections show that there is no unconformity between the Pika and the Arctomys formations, nor between the Waterfowl and Sullivan formations. Rather, the facies from the Waterfowl Formation into the overlying Sullivan Formation shales are transitional and preserve an overall general deepening of paleoenvironments. The contact between the Pika Formation and the overlying Arctomys Formation is likewise transitional with respect to depositional environments but in this case the facies record the change from supratidal to terrestrial paleoenvironments. In summary, throughout the interval we examined, all contacts among formations record transitional paleoenvironments. In fact, wherever we have examined the vertical change from one grand cycle to another (Mount Whyte-Cathedral to Stephen-Eldon, Stephen-Eldon to Pika, Pika to Arctomys-Waterfowl and Arctomys-Waterfowl to Sullivan-Lyell) we have found transitional paleoenvironments. Aitken (1966 Aitken ( , 1978 Aitken ( , 1981 originally defined grand cycles on the basis of rock type (shale versus carbonate). Aitken interpreted each grand cycle as the result of one cycle of sea level rise and fall where the shale represented transgressive deposits and the carbonates, regressive deposits. Our facies and their sequence stratigraphy interpretations suggest that grand cycles are actually composites of transgressive-regressive cycles with duration on the order of 10 5 to 10 6 years. Furthermore, maximum transgressive or regressive phases do not necessarily correspond with the bottoms or tops of grand cycles. Aitken envisioned a carbonate-rimmed platform with tidal flats prograding shoreward from west to east over a subtidal lagoon. Our observations suggest a different system of ramp-like configuration with tidal flat progradation from shoreward positions in the east toward a deeper basin on the west (also see Waters, 1986) .
COMPARISON WITH THE SOUTHERN GREAT BASIN
The trilobite biostratigraphy of the stratigraphic interval examined here is quite problematic (Fig. 9) . The base of the Pika Formation is about at the base of the Bolaspidella trilobite zone (Palmer, 1981; Aitken, 1997) . The position of the top boundary of the Bolaspidella trilobite zone and the overlying Cedaria trilobite zones in the southern Canadian Rocky Mountain sections is problematic due to the unfossiliferous nature of both the Arctomys Formation and the Waterfowl Formation in the region. Palmer (1981) and Aitken (1993) place the base of the Cedaria zone within the upper Waterfowl Formation. The Sullivan Formation, which overlies the Waterfowl Formation, comprises the Cedaria and Crepicephalus trilobite zones (Aitken, 1993) . Montanez and Osleger (1993) and Montanez et al.(1996) deduced a sea level curve for the Middle to Upper Cambrian platform carbonates from the southern Great Basin in Nevada and California which is displayed in column C of Figure 9 for comparison to our inferred sea level curve. Their approach to sea level interpretation was much the same as ours, but Van Hees, 1964; Aitken, 1968; Pugh, 1971; and Waters, 1986 . employed Fischer Plots as well as sequence analysis. They correlated facies from sections measured across a 250 to 300 kilometre-wide platform within the Banded Mountain Member of the Bonanza King Formation. These sections ranged in thickness from about 1300 m toward the western platform margin to about 400 m on the eastern edge.
Facies

Description of Subfacies Interpretations
Correlations between our sea level curve and Montanez and Osleger's (1993) sea level curve are difficult. Palmer (1981) places the base of the Bolaspidella trilobite zone at the base of the Banded Mountain Member of the Bonanza King Formation whereas Montanez and others place the base of the Bolaspidella trilobite zone in the Banded Mountain Member as shown in Figure 9 . However, this assignment leaves only sea level cycle BM-5 and the unnumbered rise over it to span the entire Cedaria and Crepicephalus trilobite zones as the Nopah Formation above the Bonanza King member contains the Aphelaspis trilobite zone (Palmer, 1981) . As in the southern Canadian Rocky Mountains, the exact stratigraphic position of contacts among these trilobite zones is not known in the southern Great Basin. From the discussion above, it seems likely that more third-order sea level oscillations are preserved in the Pika, Arctomys and Waterfowl formations than in equivalent portions of the Banded Mountain Member of the Bonanza King Formation. In fact, the entire Arctomys Formation, and most of the Waterfowl Formation, (nearly an entire "Grand Cycle") are apparently absent in the southern Great Basin. (Preliminary C, O, and Sr isotope data from work in progress by C. Augereau and R.J. Spencer are consistent with this interpretation.)
CONCLUSIONS
The Pika and Waterfowl formations comprise transgressive-regressive sequences of subtidal facies and tidal flat facies up to 100 m thick that are 10 5 to 10 6 years duration. Transgressive facies extend eastward onto the craton up to 1000 km from the platform-to-basin transition, and represent local relative increase in sea level of various magnitudes. The bulk of the Arctomys Formation consists of terrestrial to marginal marine playa deposits, correlates with an unconformity in the adjacent subsurface, and was deposited during a sea level low stand.
During Pika, Arctomys and Waterfowl formation deposition, the platform probably did not have a raised rim and cycles prograded from east to west. In addition, grand cycles are actually composites of transgressive-regressive cycles with duration of the order of 10 5 to 10 6 years, and maximum transgressive or regressive phases do not necessarily correspond with bottoms or tops of grand cycles.
The sea level curve derived from observations 1 and 2 is substantially different from the curve proposed by Bond et al. (1989) from R2 analysis.
The sea level curve derived from observations 1 and 2 is similar to that of Montanez and Osleger (1993) and Montanez et al. (1996) for the southern Great Basin. However, the Arctomys-Waterfowl "Grand Cycle" does not appear to be present there.
